). The distribution extended several orders of magnitude, was symmetric and centered on zero suggesting that demographic gains and losses by all the species were balanced over the study period ). That analysis combined species spanning a wide range of body-sizes feeding at multiple trophic levels. Consistent The distribution of species aggregated persistence time (APT) has been proposed as a novel macroecological pattern that reflects important ecological processes (Bertuzzo et al. 2011; Suweis et al. 2012) . Persistence time of a species was defined as the time span between local colonization and extinction in a given geographic region. APT showed a power-law scaling with exponential cut-off for bird communities and a qualitative relationship between CF and APT was proposed, but no formal link was suggested (Keitt & Stanley 1998 A way towards advancing our understanding of food web dynamics relies on the evaluation of hypotheses under the macroscopic lens. First, the integration of multiple energetic pathways by predators, was shown to be a powerful mechanism to stabilize predator dynamic and the whole food 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  R  e  v  i  e  w  O  n  l  y transference between trophic levels, a relatively lower population variance in predators with respect to preys is expected. Both mechanisms, the coupling of multiple energy channels and the negative scaling of variance with body size are not mutually exclusive and predict a systematic decrease in community fluctuations and colonization and extinction at higher trophic levels. A main limitation for the evaluation of these predictions in particular and the empirical analysis of fluctuations and persistence distribution in general, is the lack of appropriate information. A proper representation of both persistence times and fluctuations require data for multiple species during long time periods, typically several generations, which is seldom available, but plankton is the exception.
The base of oceanic food webs is composed of microscopic unicellular producers (e.g. diatoms)
which are consumed by a complex array of predators including unicellular protists (e.g. cilliates) and crustacean metazoans (e.g. copepods) (Segura et al. 2013) . 
MATERIAL and METHODS

Sampling and species counting
Sampling for the planktonic community (phyto-, microzoo-and zooplankton) at Station L4 in the western English Channel was conducted weekly from 1988 Widdicombe et al. 2010 ). However a gap in phytoplankton sampling between 1994 and 1995 meant that we started our series analysis with data from 1995 to 2012 (~800 weeks). Species were grouped in three coarse trophic groups i) primary producers, ii) consumers and iii) predators. Primary producers (diatoms and dinoflagellates) and consumers (ciliates and heterotrophic dinoflagellates) were identified and enumerated using settlement microscopy (Utermöhl, 1958) while predators (i.e. copepods) were identified and counted using a dissecting microscope. cycles and size ranging from 200 to 1000 µm ESD. As copepods present several feeding modes (Hansen et al. 1994 ) they can be classified in several trophic levels. For copepods, we performed the analysis twice; i) using all recorded species and ii) using only those species known to be omnivorous after excluding carnivorous and parasitic species which can present different dynamics . From here onwards we will refer to the groups (i.e. diatoms, copepods) as functional groups.
Overall, we analyzed CF and APT of populations including a vast range of sizes, life history traits and trophic groups. In order to estimate persistence time, we interpolated linearly for each species the abundance time series as some samplings were not performed exactly every seven days. For each species, we estimated species persistence time as the number of weeks (∆t) the species was present (N t > 0) after being locally extinct (N t+∆t =0), where t refers to the time of the first positive record. Then, we pooled together the persistence times for all species within a functional group and the aggregated data was used to fit parameters from a power-law with exponential cut-off (Eq. 2). We used maximum likelihood estimators as calculated in the R codes provided by http://tuvalu.santafe.edu/~aaronc/powerlaws/.
Characteristic timescale (τ) was defined as the inverse of the decay rate parameter (τ=1/ν). We A power-law distribution with an exponential cut-off, Eq. 2, adequately described aggregated persistence times (APT) for all functional groups (Fig. 2) . The APT scaling exponent (α) systematically increased across trophic levels and ranged from 0.58 to 1.19, values that are lower than predictions based on neutral models (Bertuzzo et al. 2011 ). We found a strong negative correlation of the APT scaling exponent (α) with the exponential decay rate (ν) (Pearson's r=-0.98; P<0.01; N=6).
Consequently, the shape of the persistence times distribution shifted from an exponential regime at lower trophic levels towards a power law regime at higher trophic levels, and the characteristic persistence time (τ=1/ν) increased systematically from producers to predators (Fig. 3 ).
There was a strong correlation between community fluctuations variability (σ 2 r ) and decay rate 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 . This implies that populations at lower trophic levels tend to be less persistent and more fluctuating than those at higher trophic levels (Fig. 3) . Average group's bodysize partially explained the difference in the variability and persistence between large-sized copepods and unicellular species. However, as predicted by our working hypothesis, trophic level alone also explained a significant fraction of the differences in fluctuations and persistence time distributions among similar-sized species (e.g. dinoflagellates, ciliates and heterotrophic dinoflagellates; Fig. 4 
DISCUSSION
We showed a consistent increase in community stability (decreased variability) and persistence times towards higher trophic levels in the species rich planktonic food web of the western English Channel.
Three remarkable patterns were documented among trophic levels, i) the symmetry in populations fluctuations, ii) the decrease in variance of community fluctuations with body size and trophic level and iii) the systematic shift in the shape of the persistence times distribution with increasing trophic level. applied to marine or freshwater food webs, population densities of smaller-bodied species should be expected to be more variable spatially or temporally than population densities of larger bodied species". Here we found that this trend hold, with larger copepods being less variable than small diatoms. Remarkably, the fluctuations and persistence for similar-sized species were determined by their trophic level as was observed for autotrophic and heterotrophic dinoflagellates or ciliates ( intuitive that species with large fluctuations will face higher extinction risks, but the specific shape of the distribution of persistence times is also significant. Unexpectedly, we found that the shape of persistence time distribution varied systematically with trophic position (Fig. 3) . The evidence of zerosum dynamics at all levels together with the decrease of characteristic persistence timescale (τ; Fig. 3) towards producers suggests that the recruitment and extinction rates are higher at the base and decreases towards the top of the food web as expected (Bertuzzo et al. 2011) . However, the slope of the power law (α) was significantly shallower than expected by any of the predictions of the neutral model, The prevalence of symmetric and long tailed distributions of population fluctuations across trophic levels and phylogentic groups reported here points to a universal set of driving processes (Fig.   1 ). These distributions further support the prevalence of balancing processes (i.e. zero-sum dynamics), in which a decline in one population is offset by an increase in other, at least at the large temporal scale of present observations (Hubbell 2001; Labra et al. 2008 ). This pattern is general within and among trophic levels and seems to be independent of species richness. Previous time series analyses determined that compensatory dynamics, a special case of balancing processes, were common in the plankton, but synchrony (i.e., non-compensatory) was also recorded at specific scales of analyses 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
